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Selected Reading questions have been the focus of recent research. First,
to what degree are different aspects of sensory content
Eriksen, C.W., and St James, J.D. (1986). Percept. Psychophys. represented across different cortical networks? Second,
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within sensory-processing hierarchies, at what levels
Joseph, J.S., Chun, M.M., and Nakayama, K. (1997). Nature 387, are regions recruited during the retrieval process? And
805–807.
finally, how is retrieval controlled such that sensory rem-
Kramer, A.F., and Hahn, S. (1995). Psychol. Sci. 6, 381–386.
nants of a specific episode can be accessed?
Luck, S.J., Hillyard, S.A., Mangun, G.R., and Gazzaniga, M.S. (1989). Gottfried and colleagues’ study provides insights into
Nature 342, 543–545.
two of these questions. Their fMRI paradigm consisted
Mazer, J.A., and Gallant, J.L. (2003). Neuron 40, 1241–1250.
of subjects studying numerous pictures paired with one
McMains, S.A. and Somers, D.C. (2004). Neuron 42, this issue, of nine distinct odors. During the scanned test, subjects
677–686.
were presented with the studied pictures intermixed
Moore, T., and Armstrong, K.M. (2003). Nature 421, 370–373. with new pictures and were asked to indicate which were
Posner, M.I., Snyder, C.R., and Davidson, B.J. (1980). J. Exp. Psy- old and which were new. Comparison of recognized old
chol. 109, 160–174.
pictures as compared to identified new pictures yielded
Reeves, A., and Sperling, G. (1986). Psychol. Rev. 93, 180–206. the main finding of greater activity along posterior piri-
Roelfsema, P.R., Lamme, V.A., and Spekreijse, H. (1998). Nature form cortex. Piriform cortex has been identified as re-
395, 376–381.
sponsive to olfactory stimulation and sniffing (Zatorre
Sears, C.R., and Pylyshyn, Z.W. (2000). Can. J. Exp. Psychol. 54, et al., 1992; Sobel et al., 1998), and thus, its presence
1–14.
is suggestive of modality-specific activation during re-
Tong, F. (2003). Nat. Rev. Neurosci. 4, 219–229.
trieval. Gottfried et al. (2004) explored the specificity of
Zipser, K., Lamme, V.A., and Schiller, P.H. (1996). J. Neurosci. 16, piriform activation by contrasting their paired visual-
7376–7389.
olfactory study to that of a nonolfactory memory task
that used similar procedures but did not activate piri-
form cortex.
Activation of piriform cortex during odor memory pro-
vides evidence for another sensory modality that isThe Potion’s Magic called upon during memory retrieval. Activation of sen-
sory regions during the retrieval of visual and auditory
cortex has been provided previously (e.g., Nyberg et al.,
2000; Wheeler et al., 2000). The present study demon-During remembering, a perception of the past is con-
strates, for the first time, selective activation of piriformstructed that includes sensory details of the original
cortex during retrieval of olfactory content in the ab-episode. In this issue of Neuron, Gottfried and col-
sence of actual olfactory stimulation. This finding ex-leagues provide evidence for selective piriform activa-
pands upon earlier demonstrations of the modulationtion during recognition of visual cues previously paired
of piriform cortex during the recognition of odors them-with scents. These data provide evidence of sensory-
selves (Dade et al., 2002). One important implication ofspecific reactivation of olfactory cortex during remem-
the procedural differences between the prior work ofbering.
Dade et al. and the present study is that evidence is
provided that piriform cortex can be active in the ab-
Remembering is often accompanied by vivid percep- sence of an olfactory cue and is selective for the retrieval
tions of the past. Mnemonic perceptions can include of associated olfactory content. While too little data exist
diverse aspects of sensory experience, such as the to draw strong conclusions, the present data are most
sights at a baseball game, the tune of a song, or the consistent with representation of specific mnemonic
fragrance of a recently encountered perfume. Titling content and not a general role in associative memory.
their paper with a fitting allusion to Marcel Proust’s clas- One possibility is that piriform cortex may be the target,
sic, Remembrance of Things Past, Gottfried and col- and not the origin of, associative mechanisms involved
leagues used functional MRI (fMRI) in humans to explore with memory.
how odors are represented during acts of remembering An open debate about content-specific memory re-
(Gottfried et al., 2004). Their results suggest that primary trieval and mental imagery has centered on whether the
olfactory cortex is activated during the successful re- earliest cortical sensory areas are active through top-
trieval of past odors, complementing other findings that down mechanisms. One possibility is that the primary
have shown visual, auditory, and motor cortex to be active sensory areas are active during retrieval (Kosslyn, 1994).
during the retrieval of associated memory content. An alternative possibility is that secondary areas in sen-
Inquiry into how memories are represented during sory hierarchies are recruited during retrieval to repre-
retrieval is quite old. William James (1890), by drawing sent derived, high-level representations (Hebb, 1968;
insights from uncommon patients and his basic knowl- Roland and Gulya´s, 1994; Wheeler et al., 2000). Activa-
edge of the brain, suggested “that the cortical processes tion of late sensory areas might reflect an efficient re-
that underlie imagination and sensation are not quite as trieval process that depends upon high-level sensory
discrete as one at first is tempted to suppose.” Since attributes rather than primitive response properties of
this early proposal, general consensus has emerged that primary sensory cortex. The present data suggest that,
brain regions participating in the perception of sensory within the olfactory system, early cortical regions are in-
events are utilized during memory retrieval and imagery volved.
What is left unspecified by the results of the present(Kosslyn, 1994). Building from this consensus, three new
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study is what controls the process of content-specific
retrieval. One possibility consistent with the present
data is that associations formed at encoding between
the cue (in this instance a picture) and the target odor
allow the cue to spontaneously elicit its paired content
when presented at a later time. Such an idea echoes
Marcel Proust’s Remembrance of Things Past, where
the mere taste and scent of the scalloped madeleine
pastry dipped in tea forms the potion whose magic
arouses his memory. However, much like with Proust’s
character, remembering is fully realized in the context
of a controlled effort to access the past. An interesting
question to explore further is how frontal and associated
attentional networks interact with sensory and medial
temporal regions during acts of remembering.
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